
The BIPM key comparison database, Calibration and Measurement Capabilities

Electricity and Magnetism, Portugal, INETI (Instituto Nacional de Engenharia e Tecnologia Industrial)

Quantity Instrument or artifact Instrument Type 
or Method

Minimum 
value

Maximum 
value units Parameter Specifications Value Units Coverage 

Factor
Level of 

Confidence

Is the expanded 
uncertainty a 
relative one?

Uncertainty 
matrix

NMI Service 
Identifier

DC voltage sources: 
single values

Standard cell, solid 
state voltage standard Comparison 1.018 1.018 V 1.5 µV/V 2 95% Yes 1

DC voltage sources:
single values

Standard cell, solid 
state voltage standard Comparison 10 10 V 1.5 µV/V 2 95% Yes 2

DC voltage sources: 
low values Calibrator

Comparison to a 
reference with a 
resistive divider

1 2000 mV 50 µV/V 2 95% Yes 2a

DC voltage sources: 
low values Calibrator

Comparison to a 
reference with a 
resistive divider

2 10 V 3 µV/V 2 95% Yes 2b

DC voltage sources: 
intermediate values Calibrator

Comparison to a 
reference with a 
resistive divider

10 20 V 3 µV/V 2 95% Yes 2c

DC voltage sources: 
intermediate values Calibrator

Comparison to a 
reference with a 
resistive divider

20 1000 V 5 µV/V 2 95% Yes 2e

DC voltage meters: 
intermediate values Nanovoltmeter

Comparison to a 
reference with a 
resistive divider

1 2000 mV 50 µV/V 2 95% Yes 3

DC voltage meters: 
intermediate values Multimeter

Comparison to a 
reference with a 
resistive divider

2 20 V 3 µV/V 2 95% Yes 3a

DC voltage meters: 
intermediate values Multimeter

Comparison to a 
reference with a 
resistive divider

20 1000 V 5 µV/V 2 95% Yes 3b

DC voltage ratios: up 
to 1100 V

Resistive divider, ratio 
meter Comparison 0.1 1 Voltage < 1000 V 3E-06 2 95% Yes 4

DC resistance 
standards and 

sources: low values
Standard resistor Comparison using 

DCC bridge 0.01 10 mΩ Oil bath or air 
temperature 23 °C 10 to 5 µΩ/Ω 2 95% Yes 5

Calibration or Measurement Services Measurand Level or Range Measurement 
Conditions/Independent variables Expanded Uncertainty 
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DC resistance 
standards and 

sources: low values
Standard resistor Comparison using 

DCC bridge 0.1 0.1 Ω Oil bath or air 
temperature 23 °C 2 µΩ/Ω 2 95% Yes 6

DC resistance 
standards and 

sources: low values
Standard resistor Comparison using 

DCC bridge 1 1 Ω Oil bath 
temperature 23 °C 1.2 µΩ/Ω 2 95% Yes 7

DC resistance 
standards and 

sources: intermediate 
values

Standard resistor Comparison using 
DCC bridge 10 10 kΩ Air temperature 23 °C 1.2 µΩ/Ω 2 95% Yes 8

DC resistance 
standards and 

sources: intermediate 
values

Standard resistor Comparison using 
DCC bridge 10 100000 Ω Oil bath or air 

temperature 23 °C 1.5 to 2 µΩ/Ω 2 95% Yes 9

DC resistance 
standards and 

sources: intermediate 
values

Standard resistor Comparison using 
DCC bridge 0.1 1 MΩ Oil bath or air 

temperature 23 °C 2 to 10 µΩ/Ω 2 95% Yes 10a

DC resistance 
standards and 

sources: high values
Standard resistor Comparison using 

DCC bridge 1 10 MΩ Oil bath or air 
temperature 23 °C 10 to 100 µΩ/Ω 2 95% Yes 10b

DC resistance 
standards and 

sources: high values
Standard resistor Comparison using 

DCC bridge 10 100 MΩ Air temperature 23 °C 100 µΩ/Ω 2 95% Yes 11

DC resistance 
standards and 

sources: high values
Standard resistor

Direct 
measurement using 

a teraohmmeter
0.1 1E+05 GΩ Air temperature 23 °C 1 to 10 mΩ/Ω 2 95% Yes 12

Capacitance: low loss 
capacitors

Standard capacitor 
(sealed, dry-nitrogen 

or fused silica 
dielectric)

Comparison 1 1000 pF Frequency 100 Hz, 400 Hz, 
1000 Hz 10 µF/F 2 95% Yes 13
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Capacitance: 
dielectric capacitors

Fixed capacitor, 
switched capacitor, 

capacitance box
Comparison 1 1000000 pF Frequency 100 Hz, 400 Hz, 

1000 Hz 100 µF/F 2 95% Yes 14

AC voltage: AC-DC 
transfer difference at 

medium voltages

Thermal converter, AC-
DC transfer standard

AC-DC transfer 
comparison 1 5 V Frequency 10 Hz to 1 MHz 3 to 67 µV/V 2 95% Yes Matrix _1 15 to 41

AC voltage: AC-DC 
transfer difference at 

higher voltages

Thermal converter with 
range extender, AC-DC 

transfer standard

AC-DC transfer 
comparison 5 1000 V Frequency 10 Hz to 1 MHz 6 to 103 µV/V 2 95% Yes Matrix _1 42.1

AC current: AC-DC 
transfer difference

Thermal current 
converter plus shunt, 

AC-DC transfer 
standard plus shunt

AC-DC transfer 
comparison 0.005 20 A Frequency 10 Hz to 100 kHz 20 to 130 µA/A 2 95% Yes Matrix 2 80.1
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Uncertainty table: Matrix _1

AC voltage: AC-DC transfer difference at medium voltages, INETI Internal Identifier: 15 to 41

AC voltage: AC-DC transfer difference at higher voltages, INETI Internal Identifier: 42.1

10 Hz 20 Hz 30 Hz 40 Hz 100 Hz 500 Hz 1 kHz 10 kHz 20 kHz 50 kHz 70 kHz 100 kHz 200 kHz 500 kHz 700 kHz 1 MHz

1 V 10 7 5 5 5 4 4 4 5 5 7 9 16 29 45 67
3 V 10 7 5 5 5 3 3 3 4 4 5 7 14 27 43 65
5 V 10 7 5 5 5 4 4 4 5 5 7 9 16 29 45 67

10 V 14 10 7 7 7 6 6 6 7 7 9 11 19 31 47 69
20 V 17 13 9 9 9 8 8 8 9 9 11 13 21 33 49 71
30 V 21 15 12 12 12 10 10 10 11 11 13 15 - - - -
50 V 24 16 13 13 13 11 11 11 12 12 14 15 - - - -

100 V 27 19 16 16 16 14 14 14 15 15 17 19 - - - -
200 V 37 24 19 19 19 16 16 16 18 20 27 30 - - - -
300 V 48 29 22 22 22 18 18 18 21 25 38 41 - - - -
500 V 59 34 25 25 25 20 20 20 24 30 47 52 - - - -

1000 V 89 58 43 43 43 32 32 32 50 67 100 103 - - - -

The expanded uncertainties given in this table are expressed in µV/V
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Uncertainty table: Matrix_2

AC current: AC-DC transfer difference, INETI Internal Identifier: 80.1

10 Hz 20 Hz 30 Hz 40 Hz 100 Hz 500 Hz 1 kHz 10 kHz 20 kHz 50 kHz 70 kHz 100 kHz

10 mA 40 40 20 20 20 20 20 20 20 40 61 61
20 mA 42 41 21 21 21 21 21 21 21 41 62 64
30 mA 44 42 22 22 22 22 22 22 22 43 65 69
50 mA 47 43 24 24 24 24 24 24 24 45 68 75
100 mA 50 45 26 26 26 26 26 26 26 48 72 82
200 mA 54 47 28 28 28 28 28 28 28 51 77 90
300 mA 59 50 31 31 31 31 31 31 31 54 82 99
500 mA 63 52 33 33 33 33 33 33 33 58 88 108

1 A 68 55 36 36 36 36 36 36 36 62 94 117
2 A 75 61 41 41 41 41 41 41 41 68 102 130
3 A 82 68 47 47 47 47 47 47 47 - - -
5 A 89 74 52 52 52 52 52 52 52 - - -
10 A 97 81 58 58 58 58 58 58 58 - - -
20 A 104 88 64 64 64 64 64 64 64 - - -

The expanded uncertainties given in this table are expressed in µA/A
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